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An abstract of the thesis 
With the increase in intensive and mechanized poultry breeding industries, large amounts of waste are 
being produced. Annually, about 13 million tons of chicken manure (CM) is generated in Japan(MAFF, 
2008). Meanwhile, by 2030, the world is projected to consume two-thirds more energy than today. It is 
worldwide accepted that renewable energy like bio-methane is more environmentally friendly than fossil fuel 
and beneficial to enhance energy security (Dorian, Franssenet.al, 2006). Methane fermentation was 
considered as one of the best treatment ways for CM. However, the high organic-N parts of CM is easily 
degraded into ammonia nitrogen which is one of essential matters for the microbe growth at low 
concentration while exposure to the extensive concentration, the inhibition will happen on the microbe 
accounting for toxicant shock loads.  
High solid methane fermentation techniques are valuable engineering applications in the fields of both 
renewable energy production and bio-waste degradation. However, high VS load equals high ammonia load, 
thus the high solid methane fermentation is more sensitive to ammonia concentration. Previous research only 
focused on the lower solid of methane fermentation to solve the ammonia inhibition but with huge amount of 
wastewater production. Moreover, the relationship between long term operational performance and the 
dynamic transition of the archaeal and bacterial communities remains poorly understood. In the present 
research, two continuous stirred tank reactors (CSTR) in the thermophilic and the mesophilic conditions was 
performed to investigate the followings: (1) implementing and validating the feasibility of the high solid 
methane fermentation with high ammonia concentration, (2) evaluating of ammonia inhibition effects on the 
process in both mesophilic and thermophilic reactor, (3) investigating the resilience of the function in the 
methane fermentation and the effects of recovery strategies, (4) investigating the functional archaeal 
community and bacterial community dynamics in mesophilic and thermophilic reactors. 
This thesis was constructed by 6 chapters. Chapter 1 and 2 reviewed the main production of CM in Japan 
and all over the world and the problem statement in the treatment of CM. These chapters discussed the key 
microbial community for the successful implementation of the methane fermentation illustrating the 
metabolism of the bacteria and archaea with synthetic works making the process kept in sustainability. 
Chapter 3 illustrated thermophilic methane fermentation with results of performance and microbial dynamics 
in the process. Chapter 4 developed a conceptual approach for long term operation of process functional 
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resilience. The approach describes 3 main steps to evaluate the hydrolysis acidogenesis and methanogenesis. 
Chapter 5 extended the relationship between process functional resilience and the microbial community 
dynamic. Comparison of mesophilic and thermophilic methane fermentation responded to the total ammonia 
nitrogen (TAN), free ammonia (FA) and VFA were conducted. Finally, Chapter 6 provided the major 
conclusions of methane fermentation of CM with energy balance and mass balance in the mesophilic and the 
thermophilic reactors.  
The thermophilic methane fermentation of CM with a TS content of approximately 10 % was investigated 
with regard to ammonia inhibition. A gradual increase in TAN to 6000 mg/L was observed in the case of raw 
CM fermentation. A distinct rise in VFA accumulation combined with a low methane production of 0.29 
L/gVS occurred at a TAN concentration of  4000～5000 mg/L. Biogas production completely ceased when 
TAN reached to 8000 mg/L after the addition of NH4HCO3. Tolerance of hydrolysis, acidogenesis and 
methanogenesis were distinguished quantitively by model simulation. The high sensitivity of 
methanogenesis to ammonia (TAN, FA) was quantitatively confirmed. The IC50 of TAN for methanogenesis, 
acidogenesis and hydrolysis were 5058, 5305 and 5707 mg/L with a pH value of 8.1±0.2. Similar results but 
with a low IC50 were simulated for FA inhibition during fermentation. The microbial community analysis by 
cloning analysis and TRFLP revealed significant differences in hydrogenotrophic methanogens and 
aceticlastic methanogens before and after inhibition. Hydrogenotrophic Methanothermobacter 
thermautotrophicus str. has a higher ammonia tolerance shifting to the dominate archaea in the reactor. 
Acetate utilizing Methanosarcina mazei Go1 represented 11.1% at steady stage but none was detected after 
inhibition, thus revealing serious VFA accumulation. For the bacterial community, the dominant phylum of 
Firmicutes was 84.3% and 95% before and after inhibition, with the dominate gene of Natranaerobius was 
encountered at 38% and 24% contributing to hydrolysis and acidogenesis. 
The mesophilic methane fermentation of CM with a TS content of approximately 10 % was investigated 
for a 420 days. The feasibility of mesophilic fermentation with high solid of CM was established at TAN 
lower than 5000 mg/L. VFA accumulation varies from 5000 mg/L to 16000 mg/L responding to TAN. The 
interactive inhibition of VFA and TAN caused the process failure. Model simulations determined the 
different tolerance of hydrolysis, acidogenesis and methanogenesis. The ammonia inhibition threshold was 
extended to 15000 mg/L. Successfully recovery was proved from a seriously inhibited system with a TAN of 
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16000 mg/L by dilution and then washing strategies. Aceticlastic Methanosarcina sp. was the dominant 
methanogen with a TAN concentration below 5000 mg/L. Hydrogenotrophic Methanoculleus sp. increased 
from 2% to 50% (10% Methanoculleus bourgensis MS2 and 40% Methanoculleus mariisnigri JR1) 
following the increase of TAN. After recovering from serious inhibition, aceticlastic Methanosarcina sp. was 
shown thrived, accounting for 72% of the population. Archaea was shown to have a strong resilience in both 
community structure and function. The dominate phylum of Firmicutes following the three stages were 74%, 
92% and 60%, respectively. A higher diversity and a chaotic shift were found in the recovered stage with 
functional resilience even with a TAN concentration over 16000 mg/L. Acidogenic bacteria, Solitalea 
Canadensis, accounted for 17.4% of the population in the recovered stage with a higher percentage than the 
other stages.  
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Fig.1 VFA accumulation following the TAN and FA concentration 
CM fermentation was described in stoichiometry owning 0.74 m
3
 /kgVS degraded biogas production and 
70.93 g/kgVSdegraded of ammonia nitrogen without inhibition as described as C7.5H12.4O4.8N S0.13 + 3.91H2O 
⇒3.74CH4+2.76CO2+NH4+HCO3+0.13H2S. The VFA accumulation following the TAN nd FA 
concentration was showed in Fig.1. The significant accumulat on of VFA was initially responded to the TAN 
at a lower concentration in the thermophilic reactor (<4000 mg/L) than in the esophilic reactor 
(<6000mgL). While for the FA, VFA significant accumulation was started at 1000 mg/L in mesophilic 
reactor compared with the 1500mg/L in thermophilic react r. 
The dynamic results strongly indicated that the microbial communities were structured very differently in 
the two reactors. The difference in the resilience of the two reactors for TAN, FA and VFA factors in the two 
reactors can be attributed to the dynamics of the microbi l ommunities. Both the richness and diversity of 
communities were found to be higher under mesophilic conditions, leading to a better reactor performance 
and a higher tolerance on TAN than under thermophilic condition. Variations in the microbial community 
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contributed to the accumulation of VFA. Aceticlastic methanogens were more dominant in the mesophilic 
condition than the thermophilic condition. Significant shifts in hydrogenotrophic methanogens were noted in 
the thermophilic condition. The archaeal community dynamics of the two reactors was analyzed by canonical 
correspondence analysis (CCA) in the thermophilic and mesophilic reactor (Fig.2). In the inhibition stage of 
220d of thermophilic and the 220d of the mesophilic reactor, the archaeal community structure was different 
especially for the aceticlastic methanogens. The impacted factor of TAN being the principal contribution on 






































































Fig.2 Archaeal community dynamic in the thermophilic reactor (a) and the mesophilic reactor (b) 
The difference in the resilience of the two reactors for TAN, FA and VFA factors in the two reactors can 
be attributed to the dynamics of the microbial communities. Both the richness and diversity of communities 
were higher under mesophilic conditions than thermophilic reactor, leading to a better reactor performance 
and a higher tolerance on TAN. Thus, the recoverable process of mesophilic reactor was operated and the 
acclimated microbial community was obtained. Mesophilic condition has  
For engineering application, a high solid of 10% of CM can be stably obtained in both of mesophilic and 
thermophilic conditions while feeding with ammonia stripping CM keeping the TAN concentration below 
4000 mg/L. The mesophilic process is more suitable for the full scale design with a higher stability and 
higher ammonia tolerance for the high solid of CM methane fermentation. Keeping the process indicator of 
VFA below 5000 mg/L is important for the process stability. The management of the reactor should pay 
more attention on the functional resilience of microbial communities. Once the process was inhibited, 
washing and dilution is an effective way for the process recovery. 
Reference: 
1.  Dorian, J.P., Franssen, H.T., Simbeck, D.R. 2006. Global challenges in energy. Energy Policy, 34(15), 1984-1991. 
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論文審査結果の要旨 
 
  養鶏産業の発展に伴い、大量に発生する鶏ふんの適正処理が重要な課題になっている。日本国内の鶏ふん発生量
は年間約1266万トンであり、これは全家畜排せつ物の約15%，我が国のバイオマス資源の約4%に相当するので，
鶏ふんは代表的な廃棄物系バイオマスの一つであると言える．近年、鶏ふんのリサイクル処理方法としてメタン発
酵によるバイオエネルギー回収が注目されている。本論文は、鶏ふん処理に適したメタン発酵技術を確立すること
を目的として、一連の室内実験を通して、鶏ふんのメタン発酵に及ぼす温度の影響とアンモニア阻害の影響を検討
したとともに、化学量論的解析と微生物群集構造の解析を行った。全論文が6章からなる。 
 
第1章は総論であり、鶏ふんメタン発酵の課題を提起し、本研究の意義と目的について説明している。 
 
第 2 章「文献レビュー」では、鶏ふんの発生と処理技術の現況をまとめ、メタン発酵処理の必要性を論じた上で、
メタン発酵の原理および関連微生物の研究進展についてレビューし、鶏ふんのメタン発酵を行うための技術課題に
ついて整理した。 
 
第3章「高温メタン発酵特性と微生物群集構造の変動」では、12Lの完全混合型反応槽を用いて55℃でアンモニア
濃度を変化させて鶏ふん高温メタン発酵の長期連続実験を行い、加水分解、酸生成およびメタン生成に及ぼす全ア
ンモニア性窒素および遊離アンモニア性窒素濃度の影響を定量的に評価した。また、鶏ふんメタン発酵の定常運転、
阻害および回復の各段階における微生物群集構造の変化をクローニング法で解析し、真正細菌とメタン生成古細菌
の動態を明らかにした。得られた知見は鶏ふん高温メタン発酵の応用設計に基礎的根拠を提供するものである。 
 
第4章「中温メタン発酵特性と微生物群集構造の変動」では、完全混合型反応槽を用いて35℃でアンモニア濃度を
2000mg/Lから16000mg/Lまで変化させて鶏ふん中温メタン発酵の長期連続実験を400日間行い、物質分解と微生
物群集の動態に及ぼす全アンモニア性窒素および遊離アンモニア性窒素濃度の影響を定量的に把握した。その結果、
中温条件ではアンモニア濃度が5000mg/L以下では阻害が見られず、5000mg/Lから10000mg/LではVFAの蓄積
があるものの、メタン発酵を継続できた。また完全阻害を受けた後も発酵液を希釈することで、メタン発酵が回復
することは可能であった。これは全く新しい知見として高く評価できる。 
 
第 5 章「プロセス安定性と微生物群集構造変動の比較」では、鶏ふんの中温と高温メタン発酵における主な代謝産
物と微生物グループがアンモニア阻害にどう影響されたかを解析して比較した結果、中温条件では微生物の多様性
がより豊かで、遊離アンモニアの割合が少ないので、高温発酵に比較してより安定的メタン発酵ができることを明
らかにした。 
第6章「総括」では、本論文の主な成果を総括し、鶏ふんメタン発酵の応用展望を述べている。 
 
以上のように、本論文は、鶏ふんのメタン発酵を異なる温度条件で実施して、それぞれの条件における物質分解
特性を把握したとともに、中温、高温の２つの温度条件におけるアンモニア阻害および微生物群集構造の変動を明
らかにした。これらの研究成果は廃棄物系バイオマスのエネルギー利用のプロセス設計と運転管理に活用でき、環
境科学と技術の発展に寄与するところが少なくない。 
 よって、本論文は博士(環境科学)の学位論文として合格と認める。 
 
